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The availability of nitrogen limits primary
production.

The distinction between “New” (i.e. nitrate-based)
and “Regenerated” (ammonium-based) production

is important in the supply and fate of primary
production.



Diatom-based food web based on “NEW”
production.

Microbial loop favored through “REGENERATED”
Production.

How do phytoplankton respond when nutrients are
no longer limiting?



Phytoplankton Response to Anthropogenic
Nutrients

200-L mesocosms amended with
either NH, or NO; (50uM) and
incubated for 72 hours.

>2-fold increase in chlorophyll-a, increase in DOC and
bacterial activity
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>2-fold increase in chlorophyll-a, increase in DOC and
bacterial activity




Increasing contribution by NH

Pre-1982: Diatom Era 1983-1999: Cryptophyte/Flagellate Era 2000-2005: Cyanobacteria Era
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Ephemeral spring and more persistent fall phytoplankton

blooms in recent years.
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Wilkerson et al 2006

2000 bloom
associated with an
improved light
field, low
ammonium
concentrations and
rapid nitrate
uptake.,
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Dugdale et al 2012

2010 diatom (Entomoneis, Cyclotella, Melosira) blooms lasted
several weeks,



Phytoplankton
Increase 10-fold

over 20009.

Zooplankton
Increase 9-fold
over 2009

Delta smelt (70%) and
longfin smelt (194%)
Increased (FMWT survey)

Dugdale et al 2012



What Do We Know Ab
Nutrients in the SFE?
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From Parker & Cohen 2010

Large (4-fold) spatial and temporal variation in
nutrients in Suisun Marsh.
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Large (4-fold) spatial and temporal variation in

nutrients in Suisun Marsh.
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Large (4-fold) spatial and temporal variation in
nutrients in Suisun Marsh.
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Large (4-fold) spatial and temporal variation in
nutrients in Suisun Marsh.
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Tidal wetlands in
I the confluence
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From Parker & Cohen 2010

Large (>10-fold) variation over relatively small
spatial scales.

San Francisco
Estuary Delta
Marshes



Upper River <
-30t0-9.1 km

San Pablo Bay
122km

/1T Lower River

Suisun Bay 75-97 km 51-65km




> 3-fold N and P increase at a single
point source

Sacramento
River
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From Parker et al. 2010
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Summer N-limited in upper river and >4 Sacramento
fold variation in NH, seasonally. RIVET



>4 fold variation in NH,
seasonally.

Sacramento
7/1/08  9/1/08  11/1/08  1/1/09  3/1/09  5/1/09 River

From SRWWTP, in Parker et al. 2010



Central and
South Delta
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Nutrients and Primary Production
in the Delta

1
K -
g
1
o
-
=
CL
- |
1
-
N
e
=
il

% Suisun
e is no rsal (nor are

ns) a toplankton taxa

In(Y) = -1.28 * In{X) - 4_26

Y y step in NOB
cificity.

Ammonium pmol L1

From Dugdale et al. 2007



™

1;_-.
T
-
:
g
‘I:'E

(=8
—

¥
|::r'|
L
G
ik}
'
)]
th

s
LY =
&.” o0 e 0 0g® o
10 2 30 40

NH, (pmol N L")




kS
<.
@
%
=
-
-
-
<
4
3
D
Q
)
o
]
®
=
Qo
@

Y =.0.0039x+0 404
n=5, p=0.006

=065

Y =-00031x+0.273
n=5 p=0003

k=077
30 40 S0

NH, (umol N L")



Nutrients and Primary Product;@h
in the Delta _. i




Chlorophyll-a is dominated
by diatoms
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Nutrients and Primary Production
in the Delta — Microcystis
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Nutrients and Primary Production
in the Delta — Microcystis
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Nutrients and Primary Production
in the Delta — Microcystis
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From Pulse of the
Estuary 2012; Based on
Kress 2012
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Ecological Modelling 263 (2013) 291-307
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Ecological Modelling
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A biogeochemical model of phytoplankton productivity in an urban
estuary: The importance of ammonium and freshwater flow
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